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Description

BACKGROUND OF INVENTION

[0001] From the beginning of time, humanbeings havedeveloped energy sources fromnaturalmaterials such aswood,
coal, oil, and gas products. Unfortunately, burning wood and coal leads to major pollution issues, including adding
undesirable carbon particles into the atmosphere. Oil and gas products also have similar limitations and have been a
leading cause of "Global Warming." Renewable energy sources including nuclear, wind, hydroelectric, and solar are
promising. However, such renewable energy sources have other shortcomings. Wind only works if the wind is blowing.
Solar cannot be used when the sun goes down. Hydroelectric is limited to areas with water, and nuclear, although
promising, has had major problems in generating waste and unreliable and dangerous reactors. One other promising
energy source has been fusion energy.
[0002] Fusion energy is a type of energy production that occurs when two atomic nuclei fuse together, releasing a large
amount of energy in the process. It is considered a potential source of clean and abundant energy, as the fuel for fusion
reactions (mainly hydrogen) is abundant on Earth and the reactions produce no greenhouse gases or other harmful
pollutants.
[0003] There are two main approaches to achieving fusion reactions: inertial confinement fusion (ICF) and magnetic
confinement fusion (MCF).
[0004] Inertial confinement fusion (ICF) involves using high-energy lasers or particle beams to compress and heat a
small pelletof hydrogen fuel, causing it to fuse.The fuel is typicallyamixtureofdeuterium (D)and tritium (T), two isotopesof
hydrogen. The fuel is contained within a small, spherical capsule called a hohlraum, which is placed at the center of a
chamber filledwith high-energy lasers or particle beams.When the lasers or particle beamsare fired at the hohlraum, they
createuniformx-rayemissions thatuniformlyheatandcompress the fuel inside thehohlraum.Thiscauses the fuel to reach
the necessary temperature and pressure conditions for fusion to occur.
[0005] Themain advantage of ICF is that it can potentially produce fusion reactionswith a relatively small amount of fuel
and at a relatively low cost. However, the process is still in the experimental stage and there are significant technical
challenges to before it can be considered a practical source of energy.
[0006] Magnetic confinement fusion (MCF) involves using strong magnetic fields to contain and heat a plasma (a hot,
ionized gas) of hydrogen fuel, causing it to fuse. The most common type of MCF is called tokamak fusion, which uses a
toroidal (doughnut-shaped) chamber to contain the plasma. The plasma is held in the center of the chamber by strong
magnetic fields, which are created by running current through a set of coil windings around the chamber. The plasma is
heated by injecting energy into it, either through particle beams or through electromagnetic waves.
[0007] The main advantage of MCF is that it has the potential to produce fusion reactions on a larger scale, making it
more suitable for generating electricity. However, it is a more complex and costly process than ICF and there are still
significant technical challenges to overcome before it can be considered a practical source of energy.
[0008] Both ICF and MCF have made significant progress in recent years and there are several experimental facilities
around the world working on these technologies. However, achieving sustained fusion reactions with net energy
production (meaning the energy produced by the fusion reactions is greater than the energy required to initiate and
sustain the reactions) remains a major technical challenge.
[0009] There are also other approaches to fusion energy being explored, such as magnetized target fusion and muon-
catalyzed fusion. However, these approaches are still in the early stages of development. It is not yet clear if fusion energy
will be viable as a source of energy.
[0010] From the above, fusion energy has the potential to be a clean and abundant source of energy, but significant
technical challenges must be overcome before it can be considered a practical source of energy.

SUMMARY OF INVENTION

[0011] According to thepresent invention, techniques related to fusion energy generation are provided. In particular, the
present invention provides a fuel pellet and related method for fusion energy. More particularly, the present invention
provides a fuel pellet having different ignition temperatures capable of ignition and thermonuclear burn froma laser fusion
system with maximizing fusion gain while mitigating neutron emission. Merely by way of example, the invention can be
applied to a variety of applications, including energy generation for power, spaceships, travel, other vehicles for air, land,
and water, defense applications (e.g., satellite, aerospace, land andmissile defense, submarines, boats), biotechnology,
chemical, mechanical, electrical, and communication and/or data applications.
[0012] In anexample, the present inventionprovidesa fusion fuel target device for inertial confinement fusion (ICF). The
devicehasafirst fuelmaterial regioncharacterizedbyafirst ignition temperature, thefirst fuelmaterial regionandasecond
fuelmaterial region coupled to the first fuelmaterial region. The device has a third fuelmaterial region configured such that
the first fuelmaterial regionbeingsandwichedbetween the second fuelmaterial regionand the thirdmaterial fuel region. In
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anexample, thesecond fuelmaterial is configuredwithinacenter regionandhasahigher ignition temperature than thefirst
fuelmaterial region. Inanexample, the third fuelmaterial region is anouter regionandhavingahigher ignition temperature
than the first fuel material region.
[0013] In an alternative example, the present invention provides a spherical-shaped target device for inertial fusion. The
device has a plurality of multi-layered fuels and an outer most fuel layer is composed of a pB 11, pB 10 or amaterial which
include at least pB11 or pB10.
[0014] In anexample, thepresent inventionprovidesa fuel target device, e.g., for an inertial confinement fusionprocess.
The device has a center region comprising a first fuel material region characterized by a lowest ignition temperature or
energy. The device has a second outer region surrounding the center region and comprising a second fuelmaterial region
characterized by a higher ignition temperature or energy than the lowest ignition temperature or energy of the first fuel
material region. The device also has optionally, a third outer region surrounding the second outer region and comprising a
third fuel material region characterized by a higher ignition temperature or energy than that of the higher ignition
temperature or energy of the second fuel material region; and optionally, a fourth outer region surrounding the third
outer region and comprising a fourth fuelmaterial region characterized by a higher ignition temperature or energy than the
higher ignition temperature or energy of the third fuel material region.
[0015] Inanalternativeexample, thepresent inventionprovidesa fusion fuel target device for inertial confinement fusion
(ICF). The device has a first fuel material region characterized by a first ignition temperature, the first fuel material region
and a second fuel material region coupled to the first fuel material region. The device has optionally, a third fuel material
regionconfiguredsuch that thefirst fuelmaterial regionbeingsandwichedbetween thesecond fuelmaterial regionand the
third material fuel region. The second fuel material is configured within a center region and has a higher ignition
temperature than the first fuel material region. In an example, the third fuel material region is an outer region and having
a higher ignition temperature than the first fuel material region.
[0016] Various benefits and/or advantages are achieved. In anexample, the invention provides cleanenergywith a high
efficiency (a low ignition temperature) and without a large number of neutrons. In other examples, the invention uses
hydrogenandboron,whichare twoabundant and stable elements, as fusion fuel. In anexample, the inventionprovides for
a cost-effective and efficient method for producing fusion energy avoiding large uses of the low abundance of deuterium
and tritium.Other than theeconomical aspect, the fusion reaction betweenhydrogenandborondoesnot provideneutrons
as a byproduct. These and other benefits and/or advantages are achievablewith the present device and relatedmethods.
Further details of these benefits and/or advantages can be found throughout the present specification and more
particularly below.
[0017] A further understanding of the nature and advantages of the invention may be realized by reference to the latter
portions of the specification and attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] In order to more fully understand the present invention, reference is made to the accompanying drawings.
Understanding that these drawings are not to be considered limitations in the scope of the invention, the presently
described embodiments and the presently understood best mode of the invention are described with additional detail
through use of the accompanying drawings in which:

Figure 1 is a simplified diagram illustrating a target used for inertial confinement fusion (ICF) in an example according
to the present invention.

Figure 2 is a simplified illustration of a fast ignitionmethodwith an additional picosecond or femtosecond pulse for the
ignition according to an example of the present invention.

Figure 3 is a simplified diagram illustrating a fast ignitionmethodwith an additional picosecond or femtosecond pulse
for the ignition according to an example of the present invention.

Figure 4 is a simplified diagram illustrating a fast ignitionmethodwith an additional picosecond or femtosecond pulse
for the ignition using a novel target according to an example of the present invention.

Figure 5 is a simplified diagram illustrating another target used for inertial confinement fusion (ICF) in an example
according to the present invention.

Figure 6 is a simplified diagram illustrating another target used for inertial confinement fusion (ICF) in an example
according to the present invention.
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Figure7 is a simplifieddiagram illustratingan indirect ignition usingahohlraumaccording toanexampleof thepresent
invention.

Figure 8 is a simplified diagram illustrating a target used for inertial confinement fusion (ICF) according to an example
of the present invention.

Figure9 is a simplifieddiagram illustratinganother target for inertial confinement fusion (ICF) according to anexample
of the present invention.

Figure 10 shows an example of the present invention using a novel target and an inner irradiation technique.

Figure 11 is a simplified illustration of a fusion fuel target device for inertial confinement fusion (ICF) according to an
example of the present invention.

Figure 12 is a simplified diagram illustrating another target used for inertial confinement fusion (ICF) in an example
according to the present invention.

DETAILED DESCRIPTION OF EXAMPLES

[0019] According to thepresent invention, techniques related to fusion energygeneration areprovided. In particular, the
present invention provides a fuel pellet and related method for fusion energy. More particularly, the present invention
provides a fuel pellet capable of a low ignition temperature and minimizing a generation of neutrons from a laser fusion
system.Merely bywayof example, the inventioncanbeapplied toavariety of applications, includingenergygeneration for
power, spaceships, travel, other vehicles for air, land, andwater, defense applications (e.g., satellite, aerospace, land and
missile defense, submarines, boats), biotechnology, chemical, mechanical, electrical, and communication and/or data
applications.
[0020] The present invention relates to a nuclear fusion fuel target for inertial confinement fusion, wherein a novel
configuration of fuel layers is employed. The target design combines one or more favorable properties of different fusion
fuels andothermaterials, suchasDT (deuterium-tritium),DLi6 (deuterium-lithium‑6), andp‑ (orH‑)11B (proton-boron‑11),
to achieve low ignition temperatures, minimal neutron generation and high-density compression and introducing novel
functionalities into the fusion fuel target for inertial confinement fusion. The innovative target design aims to improve the
efficiency and feasibility of nuclear fusion in inertial confinement systems, this patent pertains to an advancement of
previously submitted patent ideas.
[0021] The disclosed targets feature a novel configuration, where a central fuel material region with the lowest ignition
temperature or energy (relative to other fuel materials) is sandwiched by other fuel material regions having higher ignition
requirements. This configuration enables the thermonuclear burn-driven implosion to compress the laser-imploding
plasmas to further ultra-high density and temperature. Also, the outermost region of the fuel material serves as a
neutron/charged particle converter layer, designed to efficiently transform a high kinetic energy of neutrons generated
during fusion reactions into a kinetic energy of charged particles. By the converter, a kinetic energy of the neutron flux is
transformed into a kinetic energy of charged particle flux, such as hydrogen atoms or low atomic number particles, which
collide with neutrons effectively, thereby reducing high-energy neutron emission from the target effectively.
[0022] This approach addresses the challenges of conventional ICF targets, offering amore efficient means to achieve
fusion ignition while mitigating the adverse effects associated with excessive high energy neutron production. The patent
outlines various embodiments, encompassing different fuelmaterial combinations and laser parameters, tomaximize the
thermonuclear fusion gain/energy efficiency and mitigation of high energy neutron emission from the target. Additionally,
the disclosed targets can be configured spherically or with various spatial geometries, allowing flexibility in their
application.
[0023] This patent represents an advancement in fusion fuel target design, enablingmore efficient inertial confinement
fusion with less neutron emission which contributes to enhancing the flexibility of the fusion reactor design and longevity,
efficient maintenance of the laser fusion reactor system, or less radioactivation of the reactor vessel.
[0024] Further details of the present invention can be found throughout the present specification and more particularly
below.
[0025] A target material has been made by a single material of binary compound such as a D(deuterium)T(tritium),
D(deuterium)Li6(lithium), P(proton)B11(boron), and others. However, when a single material of binary compound is used
as a target, there has been a limitation as mentioned below.
[0026] When a single material of DT is a used as target, a high-energy neutron which is harmful for any materials is
generated. Also, T(tritium), is a radio-active material. An advantage of the DT has the lowest ignition temperature of
13.6keV.More than 90%of conventional fusion companies andU.S. national laboratories use theDTasa target at present
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due to the lowest ignition temperature.
[0027] When a single material of DLi6 is used as a target, medium energy neutrons, T(tritium), protons and other
particles are generated. The number and energy of neutrons aremuch smaller than those of DT. The ignition temperature
of DLi6 ismedium value of 66keVwhich ismuch higher than 13.6keVof DT. Due to the higher ignition temperature of DLi6,
DLi6 has not been desired among scientists as a target.
[0028] When a single material of pB11 is used as a target, no neutrons are generated. pB11 is the safest target material
amongall kindsof targetmaterials.However, thepB11has thehighest ignition temperatureof 123keVwhich ismuchhigher
than 13.6keV of DTand 66keVof DLi6. Due to the highest ignition temperature, pB11 target has not been popular among
scientists as a target in spite of the safest material in the view of the environmental issue.
[0029] Considering about the advantage of each target material, we have invented a new structure of the target by
combining these materials as mentioned below.
[0030] List 1 shows various ignition temperatures (T) in Table 1 below.

[0031] DThas the lowest ignition temperature of 13.6keV. p(H)Li6 has the second lowest ignition temperature of 66keV.
Then, p(H)B11 has the highest ignition temperature of 123keV. The ignition temperature is basically determined by atomic
number.When the atomic number is smaller, the ignition temperature or energy is lower because the amount of charge of
protons is smaller. DT reaction with atomic number of Z=1 has the lowest ignition temperature. pB11 with Z=5 has the
highest ignition temperature. pLi6, pLi7. DLi6 or DLi7 with Z=3 should have the medium ignition temperature.
[0032] Further details of the present techniques canbe found throughout the present specification andmore particularly
below.
[0033] Figure 1 is a simplified diagram illustrating a target used for inertial confinement fusion (ICF) in an example
according to the present invention. The target configuration features a layered structurewherein theDT fuel of the first fuel
region with the lowest ignition temperature of 13.6keV is sandwiched by DLi6 of the second fuel region with the higher
ignition temperature of 66keV than the DTand pB11 of the third fuel region with the higher ignition temperature of 123keV
than theDT. In this structure of the target, the thermonuclear burn of the first fuel material layer of DT is initiated first by the
achievement of the fusion ignition density and temperature with the nanosecond pulsed laser-driven implosion and the
ignitionbecauseDTof the first fuel regionhas the lowest ignition temperaturewhen the target is compressed toat least 100
times to 20,000 times (and greater) by the nanosecond pulsed lasers with a pulse width of 1 ns to 40 ns and a total pulse
power density of 1 × 1013 W/cm2 to 1 × 1020 W/cm2 on the target, including variations.
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[0034] Then next, DLi6 of the second fuel region is compressed to be a higher density and temperature by the implosion
driven by the energy of thermonuclear burn of the DTof the first fuel region. Once the temperature of compressed DLi6 of
second fuel region is over the ignition criterion of 66 keV, DLi6 of second fuel region is ignited and the DLi6 thermonuclear
burn releases its fusion energy and heats first fuel and second fuel regions to the higher temperature. Then, the p(H)B11 of
third fuel region is ignited after the temperature of compressed p(H)B 11 of third fuel region is over the ignition temperature
of 123 keV.
[0035] The fusion reaction of pB11 generates charged hydrogen atoms and boron atoms which have low atomic
numbers, amongother by products. These ionizedhydrogenatomsandboronatomscollidewith neutrons generated from
DTandDLi6 fusion reactions, and then, the highmomentumenergy of neutrons is transferred to these charged particles of
hydrogen atoms and boron atoms as kinetic energy. Thus, generation of high energy neutrons is reduced or even
minimized using this novel target design.
[0036] The outermost region of the third fuel region material has a material layer comprising hydrogen atoms or low
atomic number atoms, designed as a converter layer, which, upon collision with neutrons generated during fusion
reactions, accepts the momentum of neutrons and transfers it into kinetic energy of charged particles such as hydrogen
atoms or low atomic number particles that escape outward from the target. For example, instead of pB11, solid hydrogen
(H) is usedasaconverter. In this case, no ignition ofH is achieved. Thechargedhydrogenatomscollidewith neutrons, and
then the generation of neutrons is reduced or minimized as mentioned above.
[0037] Using the present techniques, the ignition temperature is as low as 13.6keV of DT and the generation of the
neutrons is minimized through the pB11 as a converter layer. This ignition technique is called a central ignition method
which uses the nanosecond pulsed lasers for the implosion and ignition.
[0038] Figure2 is a simplified illustrationof a fast ignitionmethodwith anadditional picosecondor femtosecondpulse for
the ignition according to an example of the present invention. In this case, the target is compressed to at least 100 times to
20,000 timesby thenanosecondpulsed laserswithapulsewidthof 1ns to40nsanda total pulsepowerdensity of 1×1013
W/cm2 to 1× 1018 W/cm2 on the target. After the compression of the target, the thermonuclear burn of DTof the first fuel
material layer is performed by the achievement of a fusion ignition temperature by external heating a compressed plasma
withapicosecondor femtosecond laser from theoutsideof the target as shown, hereina total peak laser powerdensity of 1
×1017W/cm2 to1×1024W/cm2by focusing the laser beam into 10~50micronson the target. After the ignition of theDTof
the first fuel region, DLi6 and pB11 are ignited continuously as discussed.
[0039] Using the present technique, the ignition temperature is as low as 13.6keV of DT and the generation of the
neutrons is minimized through the pB11 as a converter layer as discussed. This ignition method is called a fast ignition
method which uses the nanosecond pulsed lasers for the compression and the picosecond or femtosecond pulse for the
ignition.
[0040] Figure 3 is a simplified diagram illustrating a fast ignition method with an additional picosecond or femtosecond
pulse for the ignitionaccording toanexampleof thepresent invention.The target configuration featuresa layeredstructure
wherein the DLi6 fuel of the first fuel region with the lowest ignition temperature of 66keV is sandwiched by pB11 of the
second fuel region with the higher ignition temperature of 123keV than the DTand pB10 of the third fuel region with the
higher ignition temperature of 123keV than the DT.
[0041] In this structure, the target is compressed to at least 100 times to 20,000 times by the nanosecond pulsed lasers
with a pulsewidth of 1 ns to 40 ns and a total pulse power density of 1× 1013W/cm2 to 1× 1018W/cm2 on the target. After
the compression of the target, the thermonuclear burn of DLi6 of the first fuel material layer is performed by the
achievement of a fusion ignition temperature byexternal heating a compressedplasmawith apicosecondor femtosecond
laser injected through the cone-shaped groove into the DLi6 of the first fuel region directly as shown in Figure 3, herein a
total peak laser power density of 1× 1017W/cm2 to 1× 1024W/cm2 by focusing the laser beam into 10~50microns on the
cone shape groove. The cone-shaped groove comprises a tip configured within a vicinity or inside of DLi6 of the first fuel
material region. The outer surface of cone-shaped groove is coated by a metal material with a high Z value such as gold
(Au), lead (Pb), titanium (Ti) and other suitable high Z metal materials or these alloys. In this case, the picosecond or
femtosecond pulsed laser irradiates theDLi6 directly through the cone-shaped groovemore effectively than that of Figure
2. In the case of Figure 2, the picosecond or femtosecond pulsed laser irradiates the target from the surface of pB11. Thus,
some portion of the laser light could reach the DLi6 of the first fuel region due to the absorption and scattering caused by
pB10 of the third fusion region. After the ignition of theDLi6 of the first fuel region, DLi6 and pB10 are ignited continuously as
mentioned in Figure 1.
[0042] Using the present technique, the ignition temperature is as low as 66keV of DLi6 and the generation of the
neutrons is minimized through the pB10 as a converter layer asmentioned in Figure1. This ignition method is called a fast
ignitionmethodwhich uses the nanosecond pulsed lasers for the compression and the picosecond or femtosecond pulse
for the ignition.
[0043] Figure 4 is a simplified diagram illustrating a fast ignition method with an additional picosecond or femtosecond
pulse for the ignition using a novel target according to an example of the present invention. The target configuration
features a layered structure wherein the DT fuel of the first fuel region with the lowest ignition temperature of 13.6keV is
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sandwichedbyDLi6of thesecond fuel regionwith thehigher ignition temperatureof 66keV than theDTandpB11of the third
fuel region with the higher ignition temperature of 123keV than the DT.
[0044] In this structure, the target is compressed at least 100 times to 20,000 times (and greater) by the nanosecond
pulsed laserswith apulsewidth of 1 ns to 40nsanda total pulsepower density of 1×1013W/cm2 to 1×1018W/cm2on the
target. After the compression of the target, the thermonuclear burn of DTof the first fuel material layer is performed by the
achievement of a fusion ignition temperature by external heating a compressedplasmawith apicosecondor femtosecond
laser through the cone-shaped groove directly on the DT fuel of the first fuel region as shown in Figure 4, wherein a total
peak laserpowerdensity of 1×1017W/cm2 to1×1024W/cm2by focusing into10~50microns into theconeshapegroove.
The cone-shaped groove comprises a tip configured within a vicinity or inside of DTof the first fuel material region. The
cone-shapedmetal is extended outside of the target in Figure 4. In this case, the picosecond or femtosecond pulsed laser
irradiates theDTdirectly through the cone-shapedgroovemoreeffectively than that of Figure3. In the caseof Figure 3, the
picosecond or femtosecond pulsed laser irradiate the target through the cone-shaped groove formed on the surface of the
target as shown in Figure 3. The surface of the target has a plasma caused by the irradiation of the nanosecond pulsed
laser for the compression. Due to the strong plasma on the surface, the picosecond or femtosecond pulsed laser is
disturbed to reach the inside of the cone in Figure 3. When the cone is extended outside from the surface of the target as
shown in Figure 4, the picosecond or femtosecond pulsed laser could reach to inside of the extended cone without the
effect of the plasma on the surface of the target. After the ignition of theDTof the first fuel region, DLi6 and pB 11 are ignited
continuously as mentioned in Figure 1.
[0045] Using the present technique, the ignition temperature is as low as 13.6keV of DT and the generation of the
neutrons is minimized through the pB11 as a converter layer as discussed. This ignition method is called as a fast ignition
method which use the nanosecond pulsed lasers for the compression and the picosecond or femtosecond pulse for the
ignition.
[0046] Figure 5 is a simplifieddiagram illustrating another target used for inertial confinement fusion (ICF) in anexample
according to the present invention. The target configuration features a layered structurewherein theDT fuel of the first fuel
region with the lowest ignition temperature of 13.6keV is sandwiched by DLi6 of the second fuel region with the higher
ignition temperature of 66keV than the DTand pB11 of the third fuel region with the higher ignition temperature of 123keV
than the DT. In the center of the DLi6 of the second fuel region, the void is formed like a shell shape in this invention to
compress the target to accelerate the plasma of each fuels into the center region with a high kinetic energy. Then, at the
center region of the void, the kinetic energy of the plasma becomes an internal energy to form a hot spot and then ignition
thereafter. In this structure of the target, the thermonuclear burn of the first fuel material layer of DT is initiated first by the
achievementof the fusion ignitiondensityand temperaturewith thenanosecondpulsed laser-driven implosionand ignition
becauseDTof thefirst fuel regionhas the lowest ignition temperaturewhen the target is compressed toat least 100 times to
20,000 timesby thenanosecondpulsed laserswithapulsewidthof 1ns to40nsanda total pulsepowerdensity of 1×1013
W/cm2 to 1 × 1020 W/cm2 on the target.
[0047] Then next, DLi6 of the second fuel region is compressed to implosion and be ignited by the energy of thermo-
nuclear burn of the DTof the first fuel region which is surrounding the DLi6 of the second fuel region to compress the DLi6
isotopically by the energy of the ignition of the DTof the first fuel region further. Then, the p(H)B11 of third fuel region is
ignited by the energy of thermonuclear burn of the DLi6 of the second fuel region.
[0048] The fusion reaction of pB11 generates charged hydrogen atoms and boron atoms which have low atomic
numbers. These charged hydrogen atoms and boron atoms collide with neutrons generated from DT and DLi6 fusion
reactions, and then, the high momentum energy of neutrons is transferred to these charged particles of hydrogen atoms
and boron atoms as kinetic energy. Thus, the generation of high-energy neutrons is minimized using this novel target
design.
[0049] The outermost region of the third fuel region material has a material layer comprising hydrogen atoms or low
atomic number atoms, designed as a converter layer, which, upon collision with neutrons generated during fusion
reactions, accepts the momentum of neutrons and transfers it into kinetic energy of charged particles such as hydrogen
atoms or low atomic number particles that escape outward from the target. For example, instead of pB11, solid hydrogen
(H) isusedas theconverter. In this case,no ignitionofH isachieved.Thechargehydrogenatomscollidewithneutrons,and
then the generation of neutrons is reduced or minimized as mentioned above.
[0050] Using the present technique, the ignition temperature is as low as 13.6keV of DT and the generation of the
neutrons is minimized through the pB11 as a converter layer. This ignition method is called as a center ignition method
which only use the nanosecond pulsed lasers for the implosion and ignition.
[0051] The void of the center of the second fuel region could be used for other fuel materials of the second fuel region to
compress the fuelmaterials easily to accelerate the plasmaof each fuel into the center regionwith a high kinetic energy by
using thecenter ignitionor fast ignitionmethodsusingnanosecondpulsed lasers. Then, at thecenter regionof thevoid, the
kinetic energy of the plasma becomes an internal energy to form a hot spot and then ignition thereafter.
[0052] Figure 6 is a simplifieddiagram illustrating another target used for inertial confinement fusion (ICF) in anexample
according to the present invention. The target configuration features a layered structurewherein theDT fuel of the first fuel
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region with the lowest ignition temperature of 13.6keV is sandwiched by DLi6 of the second fuel region with the higher
ignition temperature of 66keV than the DTand pB11 or pB10 of the third fuel region with the higher ignition temperature of
123keV than the DT. In this structure of the target, pB11 or pB10 of the third fuel region is composed of foam or porous
structureor included in the foamorporousmaterials.Nanosecondpulsed lasersare irradiated through theholesof foamor
porous structure directly into the DT of the first fuel region after multi-reflection or directly through the holes. Thus, the
nanosecond pulsed laser irradiates the DT fuel of the first fuel region effectively in comparison with that of Figure 1. The
thermonuclear burn of the first fuelmaterial layer of DT is initiated first by the achievement of the fusion ignition density and
temperature with the nanosecond pulsed laser-driven implosion and the ignition because DT of the first fuel region is
directly irradiated by lasers and also has the lowest ignition temperature when the target is compressed to at least 100
times to 20,000 timesby thenanosecondpulsed laserswith a pulsewidth of 1 ns to 40nsanda total pulse power density of
1 × 1013 W/cm2 to 1 × 1020 W/cm2 on the target.
[0053] Then next, DLi6 of the second fuel region is compressed to implosion and be ignited by the energy of thermo-
nuclear burn of the DTof the first fuel region which is surrounding the DLi6 of the second fuel region to compress the DLi6
isotopically by the energy of the ignition of theDTof the first fuel region further. Then, the p(H)B11 or pB10of third fuel region
is ignited by the energy of thermonuclear burn of the DLi6 of the second fuel region.
[0054] The fusion reaction of pB11 or pB10 composed of foam or porous structure or included in the foam or porous
materialsgenerateschargedhydrogenatomsandboronatomswhichhave lowatomicnumbers.Thesechargedhydrogen
atoms and boron atoms collide with neutrons generated fromDTandDLi6 fusion reactions, and then, the highmomentum
energy of neutrons is transferred to these charged particles of hydrogenatomsandboron atomsas a kinetic energy. Thus,
the generation of high energy neutrons is minimized using this novel target design.
[0055] The outermost region of the third fuel region material consists of a material layer comprising hydrogen atoms or
low atomic number after ignition, designed as a converter layer, which, upon collision with neutrons generated during
fusion reactions, accepts the momentum of neutrons and transfers it into kinetic energy of charged particles such as
hydrogen atoms or low atomic number particles that escape outward from the target. For examples, instead of pB11 or
pB10, solidhydrogen (H) isusedasconverter. In this case,no ignitionofH isachieved.Thechargedhydrogenatomscollide
with neutrons, and then the generation of neutrons is reduced or minimized as mentioned above.
[0056] Using the present technique, the ignition temperature is as low as 13.6keV of DT and the generation of the
neutrons is reduced or minimized through the pB11or pB10 as a converter layer. This ignition method is called as a center
ignition method which only use the nanosecond pulsed lasers for the implosion and ignition.
[0057] Figure 7 is a simplified diagram illustrating an indirect ignition using a hohlraum according to an example of the
present invention. In an example, the target used in Figure 1 is placed inside of the cylindrical-shaped hohlraum and then,
throughboth sides ofwindowsof the cylindrical-shapedhohlraum, thenanosecondpulsed laserswith a pulsewidth of 1 ns
to40nsanda total pulseenergyof 1~10megajoule is irradiated into thesurfaceof the insideof thehohlraum togenerateX-
rays. ThenX-rays irradiate into the target for the ignitionof the targetwhereDTof thefirst fuel region is ignited first and then,
DLi6 and pB11 are ignited continuously as mentioned in Figure 1.
[0058] Also, the pB11, PB10 or a material which include at least pB11 or PB10 is coated on the surface of outside of the
hohlraum to reduce or stop high energy neutrons to pass through the hohlraum. The pB11 or PB10 fuel of the third fuel
region works as a converter layer, which upon collision with neutrons generated during fusion reactions, accepts the
momentum energy of neutrons and transfers it into kinetic energy of charged particles such as that escape outward from
the target as mentioned in Figure 1.
[0059] Also, the pB11, PB10, or material which includes at least pB11 or PB10 is coated on the surface of outside of the
hohlraum to work as shielding the high energy neutrons from going outside of the hohlraum. Thus, using the coated
hohlraum, the number of neutrons generated by the ignition of DT and DLi6 is reduced further.
[0060] Using the present techniques from Figure 1 to Figure 7 mentioned above, the ignition temperature is as low as
13.6keVand the number of generated neutrons due to the DT ignition is reduced using the PB11 or pB10 converter. Using
the PB11 or pB10 coated hohlraum, the number of generated neutrons is reduced further.
[0061] In above present inventions, picosecond pulse laser source means the laser source has a pulse width from 1
picosecond to 900 picoseconds. Nanosecond pulse laser source means the laser source has a pulse width from 1
nanosecond to 40 nanoseconds. Femtosecond pulse laser source means the laser source has a pulse width from 10
femtoseconds to 1000 femtoseconds. The wavelength of nanosecond, picosecond and femtosecond laser sources are
from UV (340 nm) to IR (1080 nm).
[0062] In an example, the picosecond laser light sources outputs a picosecond pulse focused to the target device
configured with a laser power uniformity of a wavefront using one or more deformable mirrors or a cavity device. In an
example, nanosecond laser light sources and the picosecond laser light sources emit, respectively a plurality of
nanosecond pulses and a plurality of picosecond pulses configured to focus to the target using one or more concave
mirrors or lens. In an example, at least one of the nanosecond pulse laser light sources has a different emission
wavelength, phase, or both of the wavelength and phase from one or more of the others nanosecond pulse laser light
sources.
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[0063] In an example, each of nanosecond pulse laser light sources has a different emissionwavelength, phase or both
of the wavelength and the phase from any other nanosecond pulse laser light source to achieve a desired non-coherency
orminimized interferenceeffects near a vicinity of a center of a cavity or a reactor, theFabry-Perot cavity beingaplurality of
Fabry-Perot cavities configured to form a hub and spoke configuration intersecting at the center of the reactor. In an
example, at least one of the pluralities of Fabry-Perot cavities have a different cavity length from one or more of the other
Fabry-Perot cavities. In an example, each of Fabry-Perot cavities has a different cavity length.
[0064] In anexample, the present inventionprovidesa fusion fuel target device for inertial confinement fusion (ICF). The
devicehasafirst fuelmaterial regioncharacterizedbyafirst ignition temperature, thefirst fuelmaterial regionandasecond
fuelmaterial region coupled to the first fuelmaterial region. The device has a third fuelmaterial region configured such that
the first fuelmaterial regionbeingsandwichedbetween the second fuelmaterial regionand the thirdmaterial fuel region. In
anexample, thesecond fuelmaterial is configuredwithinacenter regionandhasahigher ignition temperature than thefirst
fuelmaterial region. Inanexample, the third fuelmaterial region is anouter regionandhavingahigher ignition temperature
than the first fuel material region.
[0065] In an example, the third fuel material region comprises a converter layer which upon a collision with neutrons
generated during a fusion reaction, accepts a momentum energy of neutrons and transfers the momentum energy into a
kinetic energyof chargedparticles such that thechargedparticlesescapeoutwardly from thecenter region. Inanexample,
the first fuel material region is configured for an ignition before the second fuel material region or the third fuel material
region. In an example, the third material fuel region is characterized by both a converter and a thermonuclear burn. In an
example, the third fuelmaterial region is surrounded by an ablationmaterial that serves to absorb an incident laser energy
andablateoutwardly todrivean implosion. Inanexample, the third fuelmaterial region is characterizedasbothaconverter
andanablator. In anexample, the first fuelmaterial region includesat least oneof aD (deuterium)T (tritium), aDHe3, aDD,
or a DLi6 (deuterium-lithium‑6), or a DLi7 (deuterium-lithium‑7). In an example, the second fuel material region includes at
least one of aDHe3, aDLi6 (deuterium-lithium‑6), aDLi7 (deuterium-lithium‑7), aH(hydrogen)Li6, aHLi7, a pB11 or aPB10.
In an example, the third fuel material region includes at least one of a P (or H)B11 or a pB10. In an example, the third fuel
material region includes at least one of a (hydrogen)H, P (or H)‑B11 or pB10, or low atomic number particles.
[0066] In an example, the device is subjected to a plurality of nanosecond pulse laserswith a pulsewidth of 1 ns to 40 ns
anda total pulsepower density of 1×1013W/cm2 to1×1020W/cm2 irradiatedon thedevice, compressing thedevice to at
least 100 times to 20,000 times at concurrent with a thermonuclear burn initiated in the first fuel material region.
[0067] In an example, the device is characterized by a thermonuclear burn of the first fuel material region initiated by a
picosecond or femtosecond laser froman outside of the device having a total peak laser power density of 1× 1017W/cm2

to 1× 1024W/cm2 on the devicewhile a nanosecond pulse laser with a pulsewidth of 1 ns to 40 ns and a total pulse power
density of 1 × 1013 W/cm2 to 1 × 1018 W/cm2 irradiated on the device.
[0068] In an example, the device has other variations. The device has a cone-shaped groove configured within the
device. Inanexample, thecone-shapedgroovecomprisinga tip configuredwithinavicinityor insideof thefirst fuelmaterial
region. In an example, the cone-shaped groove comprises an outer surface, the outer surface coated by ametal material
withahighZvalue, themetalmaterial beingat least oneofagold (Au), a lead (Pb)andother suitablehighZmetalmaterials.
Inanexample, thepicosecondor femtosecond laser is irradiated throughaconeshapedgrooveconfigured into thedevice.
In an example, the picosecond laser is configured to focus to a laser spot size of 5 microns∼ 50 microns on a groove
configured on the device. In an example, the device is spherical in shape with a diameter of 1 mm to 10 mm.
[0069] In an example, the device has a different material from any of the first fuel material region, second fuel material
region, or third fuel material region (collectively the fuel material regions) is configured between at least a pair of the fuel
material regionsor betweenanyoneof the fuelmaterial regionsandanablationmaterial. In anexample, a void is formedat
a center region of the second fuel region.
[0070] In an alternative example, the present invention provides a spherical-shaped target device for inertial fusion. The
device has a plurality of multi-layered fuels and an outer most fuel layer is composed of a pB11, pB10 or a material which
include at least pB11 or pB10.
[0071] In an example, themulti layered fuel is composed of two or three different fuelmaterial layers in an example. The
device also has a cone-shaped groove comprising a tip configured within a vicinity or inside of a DT fuel layer or region
configured within one of the plurality of multi-layered fuels. In an example, one of the plurality of multi-layered fuels
comprises aDTconfigured as a first ignition fuelmaterial. In an example, the device is placed inside of a cylindrical shaped
hohlraum. In an example, the pB11, PB10 or amaterial which include at least pB11 or PB10 is coated on a surface of outside
of the hohlraum. In anexample, the hohlraum is subjected to a plurality of nanosecondpulsed laserswith apulsewidth of 1
ns to 40 ns and a total pulse energy of 1~10 megajoule irradiated into a surface of an interior region of the hohlraum to
generateX-rays throughoneormoresidesof oneormoreopeningwindowsof thehohlraumcausingaplurality ofX-rays to
irradiate the device for ignition of the device.
[0072] Figure 8 is a simplified diagram illustrating a target used for inertial confinement fusion (ICF) according to an
example of the present invention. As shown, D(deuterium)T(tritium)Li6 or DTLi7 fuel is the first fuel at the center region of
the target. Here, a part of D of DL6 or DLi7 is replaced with T. By surrounding the DT, there is a second fuel of p(proton or
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H(hydrogen))B11(boron) fuel. DTLi6 or DTLi7 is a solid at room temperature. The ignition temperature of DTLi6 or DTLi7 is
lower than that of DL6 or DLi7 because DTLi6 or DTLi7 is considered to be a mixture of DT and DLi6 or DLi7. Thus, the
ignition temperature of DTLi6 or DTLi7 is considered to be between 13.6kV of DTand 66keV of DLi6. Also, target gain of
DTLi6 or DTLi7 is considered to be higher than that of that of DL6 or DLi7 because DTLi6 or DTLi7 is considered to be a
mixture of DTand DLi6 or DLi7. The outermost material is the ablation material. A cone-shaped groove or metal cone is
formed on a target. The tip of the cone-shaped groove or metal cone is located near or inside of the first fuel material of
DTLi6 or DTLi7. The nanosecond pulse with the pulse width of 1ns∼40ns and the total pulse power density of
1×1013W/cm2~1×1018W/cm2 is irradiated into the target and then the target is compressed at least 100 times to
20,000 times or greater by the laser ablation.
[0073] In an example, a picosecond or femtosecond laser light sources outputs a picosecond or femtosecond pulse
focused to the cone-shaped grooveon the target with a total peak pulsed power density of 1×1018W/cm2~1×1024W/cm2.
Thepicosecond laser light sources focusonasmall laser spot sizeof5microns~50micronson thegroove.The target hasa
diameter of 1mm ~ 9mmwith a sphere or cylindrical shape. Thus, the size of the cone-shaped groove is almost the same
size or a little bit larger than that of the laser spot size. The high intensity picosecond or femtosecond laser light sources
irradiate and ignite the DTLi6 or DTLi7 directly and effectively through the groove with the lower ignition temperature
between 13.6keVand 66keV. When there is no groove in the target, the high intensity picosecond or femtosecond laser
light cannot ignite the DTLi6 or DTLi7 effectively by the second fuel of pB11 preventing the high intensity picosecond or
femtosecond laser light to reach to the first fuel of DTLi6 orDTLi7. Then, theDTLi6 or DTLi7 ignition generates high energy
charged particles and high energy neutrons as a plasma.
[0074] Next, the high energy charged particles andhigh energy neutrons caused by theDTLi6 orDTLi7 ignition are used
to ignite the second fuel of pB11 which is surrounding the DTLi6 or DTLi7.
[0075] Then, through the pB11 ignition reaction, p is collided with high energy neutrons effectively and the momentum
energy is transferred from the high energy neutrons to protons. After the high energy neutrons losing the energy, low
energy neutrons are absorbedby chargedboron (B). Then, the generationof neutrons is reducedor evenminimizedusing
the novel target. By using the present invention, the ignition temperature is as lowas between 13.6keVand 66keV, and the
generation of neutrons is reduced or evenminimized. The 13.6keV‑66keVDTLi6 or DTLi7 of ignition temperature is much
smaller than 123keV of pB11 when the pB11 is ignited by lasers directly.
[0076] In an example, an outermost material of the target is the ablation material which is irradiated by high power
density nanosecond lasers and the target is compressed inner direction strongly. The ablationmaterial can include, but is
not limited to, Al (28N/MW), POM polymer (125N/MW), Taw (31N/MW) and Au. The ablation material of Delrin® (POM, a
polymer, 125N/MW) is thepreferred target becauseof highest valueofNewtonperMegawatt. Also,Al, TaWandAumetals
are desirable. When the outside elastic material is a polymer such as perylene, polystyrene and PVA, the elastic material
itself works asanablationmaterial. In anexample, laser ablation operates, preferably in vacuum, by inducing a jet of vapor
and plasma from the ablation material using a high intensity nanosecond laser pulse. If a sufficiently intense pulsed laser
beam hits an ablation material of the surface of the target, it makes a high-temperature jet. Momentum is mass times
velocity to the inner direction of the target.
[0077] Figure 9 is a simplified diagram illustrating another target for inertial confinement fusion (ICF) according to an
exampleof thepresent invention.D(deuterium)T(tritium)Li6 orDTLi7 fuel is thefirst fuel at thecenter regionof the target.By
surrounding the first fuel of DTLi6 or DTLi7, the target has a second fuel of DLi6 fuel and, then a third fuel of pB11. An
outermostmaterial is theablationmaterial. A cone-shapedgroove is formedona target. The tip of thecone-shapedgroove
is located near or inside of the first fuelmaterial of DTLi6 or DTLi7. The nanosecond pulsewith the pulsewidth of 1ns∼40ns
and the total pulse power density of 1×1013W/cm2∼1×1018W/cm2 is irradiated into the target and then the target is
compressed at least 100 times to 20,000 times by the laser ablation.
[0078] In an example, picosecond or femtosecond laser light sources outputs a picosecond or femtosecond pulse
focused to the cone-shaped groove on the target with a total peak pulsed power density of 1×1017W/cm2∼1×1024W/cm2.
Thepicosecond laser light sources focusonasmall laser spot sizeof5microns~50micronson thegroove.The target hasa
diameter of 1mm~9mmwithasphereshape.Thus, thesizeof thecone-shapedgroove isalmost thesamesizeora littlebit
larger than that of the laser spot size. The high intensity picosecond or femtosecond laser light sources irradiate and ignite
the DTLi6 or DTLi7 directly and effectively through the groove with the low ignition temperature between 13.6keV and
66keVasmentioned in Figure 1.When there is no groove in the target, the high intensity picosecond or femtosecond laser
light cannot ignite the DTLi6 or DTLi7 effectively by the second and third fuel of DLi6 and pB11 preventing the high intensity
picosecond or femtosecond laser light to reach to the first fuel of DTLi6 or DTLi7. Then, the DTLi6 or DTLi7 ignition at
temperature bewteen13.6keVand66keVgenerates highenergy chargedparticlesandhighenergyneutrons asaplasma.
[0079] Next, the high-energy chargedparticles andhighenergy neutrons causedby theDTLi6 orDTLi7 ignition are used
to ignite thesecond fuel ofDLi6which is surrounding theDTLi6orDTLi7at the ignition temperatureof 66keV.Next, thehigh-
energy charged particles, neutrons and other particles caused by the ignition reaction of DLi6 are used to ignite the third
fuel of pB11 which is surrounding the DLi6, at the ignition temperature of 123keV.
[0080] Then, through the pB11 ignition reaction, p is collided with high energy neutrons effectively and the momentum
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energy is transferred from the high energy neutrons to protons. After the high energy neutrons losing the energy, low
energy neutrons are absorbed by charged boron (B). Then, the generation of neutrons is minimized using the present
inventionof novel target. Byusing thepresent invention, the ignition temperature is as lowasbetween13.6keVand66keV,
and thegenerationof neutrons is reducedorevenminimized.The13.6keV‑66keVDTLi6orDTLi7of ignition temperature is
much smaller than 123keV of pB11 when the pB11 is ignited by lasers directly.
[0081] According to thepresent inventions, novel targets of Figures8and9are composedofmaterialswhichare solid at
room temperature. Any and all of materials of DTLi6, DTLi7, DLi6 and pB11 are solid at room temperature. According to the
present invention, novel targets are not required to be cooled to cryogenic temperature to solidify DT. Also, cost of the
materials is much lower and efficient than that of DT. Thus, using the present novel target, the cost of target is reduced
dramatically in comparison with that of DT target of $0.5 million, in an example.
[0082] Above descriptions of the Figures, when any type of material is inserted between each fusion material region or
between fusion material region and/or an ablation material, the present techniques are not changed but are varied.
[0083] Abovedescriptionsof theFigures, anyandall timingbetween irradiationof picosecondor femtosecond laser light
source and the nanosecond pulse laser light source is: picosecond or femtosecond laser light sources outputs a
picosecond or femtosecond pulse focused to the cone-shaped groove on the target with a total peak pulsed power
density of 1×1017W/cm2∼1×1024W/cm2 while nanosecond pulse with the pulse width of 1ns~40ns and the total pulse
peakpower density of 1×1013W/cm2∼1×1018W/cm2 is irradiated into the target and then the target is compressedat least
100 times to 20,000 times by the laser ablation.
[0084] According to the present invention, we employ a shell composed of fusion fuel and an ablator, with external laser
entrance holes provided in the shell, as illustrated in Figure 3. The target can be any common target used in inertial
confinement fusion, regardlessof indirect or direct irradiation.Asan initial target shape,any targetwithahollowstructureat
the target center is suitable for our invention.Morepreferably,weuse targetswithamultilayer structure composedofDTLi6
or DTLi7, DLi6, DLi7 and pB11, among others. These targets can be used with the introduction of external lasers into the
void through laser entrance holes in the shell, as well as with the attachment of a cone targetmade of high atomic number
materials or their compounds, such as gold, lead, and titanium, as shown in Figure 10, to protect the laser injection against
the interference of the imploding plasma.
[0085] In our present techniques of Figure 10, we introduce heating lasers into the void within the fuel target during the
process of implosion through laser injection holes provided in the target from the external source. The timing of heating
laser injection coincides with the timing of maximum or near maximum implosion velocity when the void still exists at the
center of the implosion acceleration phase.
[0086] By introducing external heating lasers into the void at this critical timing, the inner surface of the shell during
implosion gets heated and ablates toward the center of the void. The ejected plasma collides at the central region, forming
a high-temperature hot spark. It is from this point that the implosion deceleration phase begins. The laser energy supplied
from theexternal sourcepasses through the kinetic energyof theablatedplasma, eventually becoming the internal energy
of the high-temperature hot spark. Consequently, this approach efficiently delivers the energy required for hot spark
formation,which isessential for nuclear fusion ignition, fromanexternal source to thehot spark.This is aunique featurenot
found in conventional central ignition or fast ignition methods.
[0087] Due to this highly efficient external energy delivery to the hot spark from the outside, it becomes possible to form
the hot sparkwith a smaller amount of total laser energy compared to central ignition or fast ignitionmethods. This enables
the ignition and combustion of nuclear fusion with less laser energy requirements. This technique is called as inner
irradiation method.
[0088] Furthermore, inner irradiation method addresses the most significant challenge in inertial confinement fusion,
which is the inhibition of hot spark formation instability due to Rayleigh-Taylor instability during the implosion deceleration
phase. In thisphase, thehot spark formedat thecenterdecelerates the implodingmotionof thesurrounding imploding fuel.
In this situation, the Rayleigh-Taylor instability can potentially occur at the interface between the hot spark and the
surrounding imploding fuel, which is the main fuel layer.
[0089] Furthermore, the heating lasers used in the present technique do not require ultra-high-intensity lasers with
femtosecond (fs) or sub‑10-picosecond (ps) pulses, as typically used in conventional fast ignition techniques. Instead, we
can utilize relatively longer pulses on the order of 100 picoseconds (ps), which is given by that the radius of the void is
divided by the ablation velocity of the inner surface of the heated shell. In contrast to conventional fast ignition, which
necessitated heating within the time frame determined by the inertia of the high-density plasma until its collapse, in our
approach, it suffices to introduce the heating lasers internally while the void exists, and the duration of the void’s existence
can be extended to the level of several hundred picoseconds through controlled implosion. Pulses in the order of 100 ps
can be generated using conventional nanosecond laser techniques without the need for ultra-high-intensity laser
technologies like those represented by CPA (Chirped Pulse Amplification).
[0090] Figure 10 shows the example of the present invention using a novel target and an inner irradiation method. The
target has a relatively large void at the center region of the target which void size is determined by the picosecond pulse
width.When the picosecond pulse width is smaller, the void size is smaller. Most inner fuel is D(deuterium)T(tritium)Li6 or
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DTLi7 as the first fuel. By surrounding the first fuel of DTLi6 orDTLi7, there is a second fuel of DLi6 fuel and, then a third fuel
of pB11. The outermostmaterial is the ablationmaterial which is not shown in the figure. Alternatively, pB11 can function as
anablatorwithout anablator layer. A cone-shapedgrooveandmetal cone is formedona target. The tip of themetal cone is
located near or inside of the first fuel material of DTLi6 or DTLi7. The nanosecond pulse with the pulse width of 1ns∼40ns
and the total pulse power density of 1×1013W/cm2∼1×1018W/cm2 is irradiated into the target and then the target is
compressed at least 100 times to 20,000 times by the laser ablation.
[0091] The picosecond laser light sources outputs a picosecond pulse focused to the cone-shaped groove on the target
witha total peakpulseenergyof100kJ~1MJandapulsewidth50ps~900ps. cm2.Thepicosecond laser light sources focus
on a small laser spot size of 5microns~ 50microns on the cone. The target has a diameter of 1mm~ 9mmwith a sphere or
cylindrical shape. Thus, the size of the cone-shaped groove or metal cone is almost the same size or a little bit larger than
that of the laser spot size. The high intensity picosecond laser light sources irradiate and ignite the DTLi6 or DTLi7 directly
and effectively through the metal cone, groove and void into the inner wall of DTLi6 or DTLi7 directly with the low ignition
temperature between 13.6keV and 66keV as mentioned in Figure 2. Then, the DTLi6 or DTLi7 ignition at temperature
bewteen13.6keV and 66keV generates high energy charged particles and high energy neutrons as a plasma.
[0092] Next, the high-energy chargedparticles andhighenergy neutrons causedby theDTLi6 orDTLi7 ignition are used
to ignite the second fuel of DLi6 which is surrounding the DTLi6 or DTLi7 at the ignition temperature of 66keV. Next, these
high-energy charged particles, neutrons and other particles caused by the ignition reaction of DLi6 are used to ignite the
third fuel of pB11 which is surrounding the DLi6, at the ignition temperature of 123keVas mentioned in the above Figure.
[0093] Then, through the pB11 ignition reaction, p is collided with high energy neutrons effectively and the momentum
energy is transferred from the high energy neutrons to protons. Then, the generation of neutrons is minimized using the
present inventionofnovel target.Byusing thepresent invention, the ignition temperature isas lowasbetween13.6keVand
66keV, and the generation of neutrons is minimized. The 13.6keV‑66keV DTLi6 or DTLi7 of ignition temperature is much
smaller than 123keV of pB11 when the pB11 is ignited by lasers directly.
[0094] In an example, the novel targets of Figure 10 are composed ofmaterials which are solid at room temperature. All
ofmaterials of DTLi6, DTLi7 , DLi6 and pB11 are solid at room temperature. The novel target is not required to cool to be at a
cryogenic temperature to make a solid DT. Also, cost of these materials is much less than that of DT. Thus, using the
present novel target, the cost of target is reduced dramatically in comparisonwith that ofDT target of $0.5M in an example.
[0095] Above techniques of Figure 10 when any type of material is inserted between each fusion material region or
between fusion material region and/or ablation material do not change of scope of the present claims.
[0096] Above techniquesof Figure10, a timingbetween irradiationof picosecond laser light sourceand thenanosecond
pulse laser light source indicates picosecond laser light sources outputs a picosecond pulse focused to themetal cone on
the target with a total peak pulse energy of 100kJ~1MJwhile nanosecond pulse with the pulse width of 1ns~40ns and the
total pulse peak power density of 1×1013W/cm2∼1×1018W/cm2 is irradiated into the target and then the target is
compressed at least 100 times to 20,000 times by the laser ablation, although there can be variations.
[0097] In an example of Figure 11, the present invention provides a fusion fuel target device for inertial confinement
fusion (ICF). The device has a first fuel material region characterized by a first ignition temperature, the first fuel material
region and a second fuelmaterial region coupled to the first fuelmaterial region. The device has a third fuelmaterial region
configured such that the first fuel material region being sandwiched between the second fuel material region and the third
material fuel region. In an example, the second fuel material is configured within a center region and has a higher ignition
temperature than the first fuel material region. In an example, the third fuel material region is an outer region and having a
higher ignition temperature than the first fuel material region.
[0098] In an example of Figure 12, the third fuel material region comprises a converter layer which upon a collision with
neutrons generated during a fusion reaction, accepts a momentum energy of neutrons and transfers the momentum
energy into a kinetic energy of charged particles such that the charged particles escape outwardly from the center region.
In an example, the first fuel material region is configured for an ignition before the second fuel material region or the third
fuelmaterial region. In an example, the thirdmaterial fuel region is characterized by both a converter and a thermonuclear
burn. In an example, the third fuel material region is surrounded by an ablation material that serves to absorb an incident
laser energy and ablate outwardly to drive an implosion. In an example, the third fuel material region is characterized as
both a converter and an ablator. In an example, the first fuel material region includes at least one of a D (deuterium) T
(tritium)Li(lithium)6 or DTLi7. In an example, the second fuel material region includes at least one of a DLi6 (deuterium-
lithium‑6) or a DLi7 (deuterium-lithium‑7. In an example, the third fuel material region includes at least one of a (hydrogen)
H, p (or H)B11 or pB10, or low atomic number particles.
[0099] In anexampleof Figure11, thedevice is subjected to aplurality of nanosecondpulse laserswithapulsewidth of 1
ns to 40 ns anda total pulse power density of 1× 1013W/cm2 to 1× 1020W/cm2 irradiated on the device, compressing the
device to at least 100 times to20,000 timesat concurrentwitha thermonuclear burn initiated in the first fuelmaterial region.
[0100] In an example, the device is characterized by a thermonuclear burn of the first fuel material region initiated by a
picosecond or femtosecond laser froman outside of the device having a total peak laser power density of 1× 1017W/cm2

to 1× 1024W/cm2 on the devicewhile a nanosecond pulse laser with a pulsewidth of 1 ns to 40 ns and a total pulse power
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density of 1 × 1013 W/cm2 to 1 × 1018 W/cm2 irradiated on the device.
[0101] In an example, the device has other variations. The device has a cone-shaped groove configured within the
device. Inanexample, thecone-shapedgroovecomprisinga tip configuredwithinavicinityor insideof thefirst fuelmaterial
region. In an example, the cone-shaped groove comprises an outer surface, the outer surface coated by ametal material
withahighZvalue, themetalmaterial beingat least oneofagold (Au), a lead (Pb)andother suitablehighZmetalmaterials.
Inanexample, thepicosecondor femtosecond laser is irradiated throughaconeshapedgrooveconfigured into thedevice.
In an example, the picosecond laser is configured to focus to a laser spot size of 5 microns∼ 50 microns on a groove
configured on the device. In an example, the device is spherical in shape with a diameter of 1 mm to 10 mm.
[0102] In an example, the device has a different material from any of the first fuel material region, second fuel material
region, or third fuel material region (collectively the fuel material regions) is configured between at least a pair of the fuel
material regionsor betweenanyoneof the fuelmaterial regionsandanablationmaterial. In anexample, a void is formedat
a center region of the second fuel region.
[0103] In an alternative example, the present invention provides a spherical-shaped target device for inertial fusion. The
device has a plurality of multi-layered fuels and an outer most fuel layer is composed of a pB11, pB10 or a material which
include at least pB11 or pB10.
[0104] In an example, themulti layered fuel is composed of two or three different fuelmaterial layers in an example. The
devicealsohasacone-shapedgroove comprisinga tip configuredwithina vicinity or insideof aDTLi6 orDTLi7 fuel layer or
region configured within one of the plurality of multi-layered fuels. In an example, one of the plurality of multi-layered fuels
comprises a DTLi6 or DT Li7 configured as a first ignition fuel material. In an example, the device is placed inside of a
cylindrical shapedhohlraum. In an example, the pB11, PB10 or amaterial which include at least pB11 or PB10 is coated on a
surfaceof outsideof thehohlraum. Inanexample, thehohlraum is subjected toapluralityof nanosecondpulsed laserswith
a pulsewidth of 1 ns to 40 ns anda total pulse energy of 1~10megajoule irradiated into a surface of an interior region of the
hohlraum to generate X-rays through one or more sides of one or more opening windows of the hohlraum causing a
plurality of X-rays to irradiate the device for ignition of the device.
[0105] In anexample, Figure11 is asimplifieddiagram illustratinga target used for inertial confinement fusion (ICF) inan
example according to the present invention. The target configuration features a layered structure wherein the DTLi6 or
DTLi7 fuel of the first fuel regionwith the lowest ignition temperature amongwhole fuel layers is sandwiched byDLi6 of the
second fuel region with the higher ignition temperature of 66keV than the DTLi6 or DTLi7 and pB11 of the third fuel region
with the higher ignition temperature of 123keV than the DTLi6. DTLi6 or DTLi7 has chemical composition by partial
replacement of D inDLi6 orDTLi7 by Tand the atomic number fraction of T inDTLi6 orDTLi7 is arbitrary as long asDTLi6 or
DTLi7 can exist as a solid material before the laser irradiation. In this structure of the target, the thermonuclear burn of the
first fuel material layer of DTLi6 or DTLi7 is initiated first by the achievement of the fusion ignition density and temperature
with the nanosecond pulsed laser-driven implosion and the ignition because DTLi6 or DTLi7 of the first fuel region has the
lowest ignition temperature when the target is compressed to at least 100 times to 20,000 times (and greater) by the
nanosecond pulsed laserswith a pulsewidth of 1 ns to 40 ns anda total pulse power density of 1× 1013W/cm2 to 1× 1020
W/cm2 on the target, including variations. This method is called as a center ignition method.
[0106] In an example, Figure 12 is a simplified diagram illustrating another target used for inertial confinement fusion
(ICF) in an example according to the present invention. The target configuration features a layered structure wherein the
DTLi6 fuel of the first fuel regionwith the lowest ignition temperature amongwhole fuel layers is sandwiched byDLi6 of the
second fuel region with the higher ignition temperature of 66keV than the DTLi6 and pB11 of the third fuel region with the
higher ignition temperature of 123keV than theDTLi6. DTLi6 has chemical composition by partial replacement of D in DLi6
by Tand the atomic number ratio of T in DTLi6 is arbitrary as long as DTLi6 can exist as a solid material before the laser
irradiation. In the center of the DLi6 of the second fuel region, the void is formed like a shell shape in this invention to
compress the target to accelerate the plasma of each fuel into the center region with a high kinetic energy. Then, at the
center region of the void, the kinetic energy of the plasma becomes an internal energy to form a hot spot and then ignition
thereafter. In this structure of the target, the thermonuclear burn of the first fuelmaterial layer ofDTLi6 is initiated first by the
achievementof the fusion ignitiondensity and temperaturewith thenanosecondpulsed laser-driven implosionand ignition
because DTLi6 of the first fuel region has the lowest ignition temperature when the target is compressed to at least 100
times to 20,000 times (and greater) by the nanosecond pulsed lasers with a pulse width of 1 ns to 40 ns and a total pulse
power density of 1× 1013W/cm2 to 1× 1020W/cm2 on the target, including variations. This method is called as a center
ignition method.
[0107] Present techniques of novel targets of Figures 4 and 5 are composed of materials which are solid at room
temperature. All of materials of DTLi6, DTLi7, DLi6 and pB11 are solid at room temperature. Present technique of novel
targets is not required to cool to cryogenic temperature to make a solid DT. Also, cost of these materials is much cheaper
than that of DT. Thus, using the present technique of novel target, the cost of target is reduced dramatically in comparison
with that of DT target of $0.5M in an example.
[0108] In an example, the picosecond laser light sources outputs a picosecond pulse focused to the target device
configured with a laser power uniformity of a wavefront using one or more deformable mirrors or a cavity device. In an
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example, nanosecond laser light sources and the picosecond laser light sources emit, respectively a plurality of
nanosecond pulses and a plurality of picosecond pulses configured to focus to the target using one or more concave
mirrors or lens. In an example, at least one of the nanosecond pulse laser light sources has a different emission
wavelength, phase, or both of the wavelength and phase from one or more of the others nanosecond pulse laser light
sources.
[0109] In anexample, the device has variations. In anexample, the device is a solid characterizing the center region, the
second outer region, the third outer region and the fourth outer region. Additionally, the device has two fuel material
regions. In an example, the first fuel material region is composed of D(deuterium)T (tritium) Li6(lithium) or DTLi7. In an
example, the second fuel material region is composed of pB11(boron) or pB10. In an example, the device has three fuel
material regions. Inanexample, thefirst fuelmaterial region is composedofD(deuterium)T (tritium)Li6(lithium)orDTLi7. In
an example, the second fuel material region is composed of DLi6 or DLi7. In an example, the third fuel material region is
composedof pB11or pB10. Inanexample, adifferentmaterial fromanyof the fuelmaterials is insertedbetweeneachpair of
fuel material regions or between any one of the fuel material regions and an ablation material enclosing the device.
[0110] In an example, the device has a cone-shaped groove or metal cone formed at least through the second fuel
material region. In anexample, thedevice hasa tip of the cone-shapedgrooveormetal cone is locatednear or inside of the
first fuelmaterial region. In an example, the cone-shapedgroove ormetal cone is characterized bymore than oneand less
than 10. In an example, the cone-shaped groove ormetal cone comprises a surface that is coated by ametal with a high Z
value selected from at least one of a gold (Au), a lead (Pb), and other high Z value material.
[0111] In an example, at least one of the second fuel material region or third fuel material region comprises a borane of
BxHy or B10H14.
[0112] In anexample, the target device is irradiatedusingananosecondpulsewith apulsewidth of 1ns~40nsanda total
pulse power density of 1×1013W/cm2∼1×1018W/cm2 and then the target device is compressed at least 100 times to
20,000 times by a laser ablation. In an example, the target device is irradiated using a picosecond or femtosecond laser
light sources that outputs a picosecond or femtosecond pulse focused on the target device with a spot size of 5 microns
~50microns and a total peak pulsed power density of 1×1017W/cm2∼1×1024W/cm2. In an example, the target device is
irradiated using apicosecondor femtosecond laser light sources that outputs a picosecondor femtosecondpulse focused
to a cone-shaped groove or a metal cone on the target device with a total peak pulsed power density of
1×1017W/cm2∼1×1024W/cm2. In an example, the picosecond laser light sources focus to a small laser spot size of
5microns~ 50microns on the cone-shapedgroove or themetal cone. In an example, the picosecond or femtosecond laser
light source outputs a picosecond or femtosecond pulse focused to the target device or the cone-shaped groove on the
target while a nanosecond pulse with a pulse width of 1ns~40ns and a total pulse power density of
1×1013W/cm2∼1×1018W/cm2 is irradiated into the target device.
[0113] In an example, the target device has a diameter of 1mm ∼ 9mm and characterized by a sphere shape. In an
example, the target device has a cylindrical shape.
[0114] In anexample, thedevicehasavoid regionconfiguredwithin avicinity of a center regionof the target device. Inan
example, the device further comprises a coneor cylindrical shaped region configured fromanouter region through theone
ormore fuelmaterial regions to thevoid regionsuch that apicosecondpulse lasercharacterizedbyapulsewidthof50~500
picoseconds, a total pulse energy of 1kJ~500kJ, and a frequency of 1~20Hz is irradiated through the cone or cylindrical
shaped region to a portion of one or more of the fuel material regions. In an example, the outer region is irradiated by a
plurality of nanosecond pulse lasers characterized with a pulse width of 1ns~40ns and a total pulse energy of 1~20MJ to
cause a compression and implosion of at least one of the fuel material regions. In an example, the void region is
characterized by a hot spark at the central region. In an example, the picosecond pulse laser is configured to irradiate into
the void region, andablate oneof the inner surfacesduringan implosionof an inflight outer region that is compressed in the
implosion towards the center region, resulting in an ablated plasma colliding in the central region to form a hot spark. In an
example, after the hot spark, a deceleration phase begins such that a laser energy supplied is converted into an energy of
the hot spark through kinetic energy of the ablated plasma of the inflight outer region, thus enabling introduction of the
energy for the hot spark from an energy.
[0115] In an example, the device further comprises a picosecond pulse laser configured in the void region within the
device undergoing compression, wherein a timing of introducing the picosecond pulse laser at a moment after an
implosion speed reaches maximum or near maximum and before a final phase of a compression acceleration when the
void region still exists in the central region. In an example, the device further comprises a picosecond pulse laser
characterized by a pulse width ranging from 50~500 picoseconds. In an example, the device further comprising a
picosecondpulse laser is amplifiedusinganoptical enhancement cavity (OEC). Inanexample, thepicosecondpulse laser
is configured from an outer shell region to an interior region.
[0116] In an example, the device has a cone or cylindrical shaped region comprising a high atomic number of materials
including at least one of a gold, a lead, a titaniumor a compoundmaterial to avoid interference on a path of the picosecond
pulse laser due to an expansion plasma generated by an implosion process.
[0117] In analternativeexample, thepresent inventionprovidesa fusion fuel target device for inertial confinement fusion
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(ICF). The device has a first fuel material region characterized by a first ignition temperature, the first fuel material region
and a second fuel material region coupled to the first fuel material region. The device has optionally, a third fuel material
regionconfiguredsuch that thefirst fuelmaterial regionbeingsandwichedbetween thesecond fuelmaterial regionand the
third material fuel region. The second fuel material is configured within a center region and has a higher ignition
temperature than the first fuel material region. In an example, the third fuel material region is an outer region and having
a higher ignition temperature than the first fuel material region.
[0118] In an example, the third fuel material region comprising a converter layer which upon a collision with neutrons
generated during a fusion reaction, accepts a momentum energy of neutrons and transfers the momentum energy into a
kinetic energyof chargedparticles such that thechargedparticlesescapeoutwardly from thecenter region. Inanexample,
the first fuel material region is configured for an ignition before the second fuel material region or the third fuel material
region. In an example, the third material fuel region is characterized by both a converter and a thermonuclear burn. In an
example, the third fuelmaterial region is surrounded by an ablationmaterial that serves to absorb an incident laser energy
andablateoutwardly todrivean implosion. Inanexample, the third fuelmaterial region is characterizedasbothaconverter
and an ablator.
[0119] In an example, the first fuel material region includes at least one of a D (deuterium) T (tritium)DLi6 (deuterium-
lithium‑6), or a DTLi7 (deuterium-lithium‑7). In an example, the second fuel material region includes a DLi6 (deuterium-
lithium‑6) or aDLi7 (deuterium-lithium‑7). In an example, the third fuelmaterial region includes at least one of aP (orH)B11
or a pB10. In an example, the third fuel material region includes at least one of a (hydrogen)H, P (or H)‑B11 or pB10, or low
atomic number particles.
[0120] In an example, the device is subjected to a plurality of nanosecond pulse laserswith a pulsewidth of 1 ns to 40 ns
anda total pulsepower density of 1×1013W/cm2 to1×1020W/cm2 irradiatedon thedevice, compressing thedevice to at
least 100 times to 20,000 times at concurrent with a thermonuclear burn initiated in the first fuel material region. In an
example, the device is characterized by a thermonuclear burn of the first fuel material region initiated by a picosecond or
femtosecond laser from an outside of the device having a total peak laser power density of 1 × 1017 W/cm2 to 1 × 1024
W/cm2 on the devicewhile a nanosecond pulse laserwith a pulsewidth of 1 ns to 40 ns and a total pulse power density of 1
× 1013 W/cm2 to 1 × 1018 W/cm2 irradiated on the device.
[0121] In an example, the device further comprises a cone-shaped groove or ametal cone configuredwithin the device.
In an example, the cone-shaped groove or the metal cone comprising a tip configured within a vicinity or inside of the first
fuel material region. In an example, the cone-shaped groove or metal cone comprises an outer surface, the outer surface
coated by a metal material with a high Z value, the metal material being at least one of a gold (Au), a lead (Pb) and other
suitable highZmetalmaterials. In anexample, the picosecondor femtosecond laser is irradiated through the coneshaped
groove configured into the device. In an example, the picosecond laser is configured to focus to a laser spot size of 5
microns∼ 50 microns on the cone shaped groove or the metal cone configured on the device.
[0122] In an example, the device has a void region configured within a vicinity of a center region of the device. The cone
or cylindrical shaped region is configured from an outer shell region through one ormore of the fuel material regions to the
void region such that a picosecondpulse laser characterized by apulsewidth of 50~500 picoseconds, a total pulse energy
of 1kJ~500kJ, and a frequency of 1~20Hz is irradiated through the cone or cylindrical shaped region to a portion of one or
more of the fuel material regions.
[0123] In an example, the device is characterized as being spherical in shape with a diameter of 1 mm to 10 mm. In an
example, thedevice further comprisesadifferentmaterial fromanyoneof thefirst fuelmaterial region, second fuelmaterial
region, or third fuel material region (collectively the fuel material regions) is configured between at least a pair of the fuel
material regions or between any one of the fuel material regions and an ablation material.
[0124] Above techniques of the Figures, when any kinds ofmaterial are inserted between each fusionmaterial region or
between fusion material region and ablation material should be belong to present technique because those inserted
materials do not change of the present invention concept.
[0125] Above techniques of the Figures, the timing between irradiation of picosecond or femtosecond laser light source
and the nanosecond pulse laser light source is: picosecond or femtosecond laser light sources outputs a picosecond or
femtosecondpulse focused tometal coneand thecone-shapedgrooveon the targetwitha total peakpulsedpowerdensity
of 1×1020W/cm2~1×1024W/cm2 while nanosecond pulse with the pulse width of 1ns~40ns and the total pulse power
density of 1×1013W/cm2∼1×1018W/cm2 is irradiated into the target and then the target is compressedat least 100 times to
20,000 times by the laser ablation.
[0126] In the present techniques, picosecond pulse laser source means the laser source has a pulse width from 1
picosecond to 900 picoseconds. Nanosecond pulse laser source means the laser source has a pulse width from 1
nanosecond to 40 nanoseconds. Femtosecond pulse laser source means the laser source has a pulse width from 10
femtoseconds to 1000 femtoseconds. The wavelength of nanosecond, picosecond and femtosecond laser sources are
from UV (350 nm) to IR (1060 nm).
[0127] In an example, the device is a solid characterizing the first fuel material region, the second fuel material region,
and the third fuel material region. In an example, the target device is a solid at room temperature. In an example, amelting
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temperature of HLi is 692C.DLi andDTLi would have a similarmelting temperature. Borane of B10H14 used as pB11 has a
melting temperature of 100C. In anexample, borane is coatedbyapolymer to protect an evaporation of toxicmaterial from
the borane. In an example, the polymer has a melting temperature ranging from 50‑100C depending on the type of
material. Accordingly, solid means that at least temperatures of 10‑50C the target should be solid in an example.
[0128] Of course, other variations, alternatives, and modifications can exist.
[0129] While theabove is a full descriptionof the specific examples, variousmodifications, alternative constructionsand
equivalentsmaybeused. Inanexample, thehigh intensity laser formsa resonator between thepair ofmirror devicesusing
constructive interference of each of the laser beams to cause ignition of a fuel pellet. In an example, the first path with the
high intensity pulse laser is provided in a resonator device. In an example, the present invention provides a system and
method togeneratea concentric or spherical resonatorwithin a reaction region to focus laser light at a center of the reactor.
Additionally, the terms first, second, third, and final do not imply order in one or more of the present examples. In other
examples, various numerical limits may not be limited in some examples. Moreover, the present target can be used for
other applications. Therefore, the above description and illustrations should not be taken as limiting the scope of the
present invention which is defined by the appended claims.

Claims

1. A fusion fuel target device for inertial confinement fusion (ICF), the device comprising:

a first fuel material region characterized by a first ignition temperature, the first fuel material region;
a second fuel material region coupled to the first fuel material region; and
optionally, a third fuelmaterial regionconfiguredsuch that the first fuelmaterial regionbeing sandwichedbetween
the second fuelmaterial region and the thirdmaterial fuel region, the second fuelmaterial being configuredwithin
a center region and having a higher ignition temperature than the first fuel material region, the third fuel material
region being an outer region and having a higher ignition temperature than the first fuel material region.

2. The device of claim 1wherein the thirdmaterial fuel region is characterized by both a converter and a thermonuclear
burn.

3. The device of claim 1wherein the third fuelmaterial region is surrounded by an ablationmaterial that serves to absorb
an incident laser energy and ablate outwardly to drive an implosion.

4. The device of claim 1 wherein the third fuel material region is characterized as both a converter and an ablator.

5. Thedevice of claim1wherein the first fuelmaterial region includesat least oneof aD (deuterium)T (tritium), aDHe3, a
DD, or a DLi6 (deuterium-lithium‑6), or a DLi7 (deuterium-lithium‑7).

6. The device of claim 1 wherein the second fuel material region includes at least one of a DHe3, a DLi6 (deuterium-
lithium‑6), a DLi7 (deuterium-lithium‑7), a H(hydrogen)Li6, a HLi7, a pB11 or a PB10.

7. The device of claim 1 wherein the third fuel material region includes at least one of a P (or H)B11 or a pB10.

8. Thedevice of claim1wherein the third fuelmaterial region includesat least oneof a (hydrogen)H,P (orH)‑B11or pB10,
or low atomic number particles.

9. The device of claim 1 further comprising a cone-shaped groove configured within the device.

10. The device of claim 9wherein the cone-shaped groove comprising a tip configuredwithin a vicinity or inside of the first
fuel material region.

11. The device of claim 9 wherein the cone-shaped groove comprises an outer surface, the outer surface coated by a
metal material with a high Z value, the metal material being at least one of a gold (Au), a lead (Pb) and other suitable
high Z metal materials.

12. The device of claim 1 wherein the device is spherical in shape with a diameter of 1 mm to 10 mm.

13. The device of claim 1 further comprising a different material from any of the first fuel material region, second fuel
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material region, or third fuelmaterial region (collectively the fuelmaterial regions) is configured between at least a pair
of the fuel material regions or between any one of the fuel material regions and an ablation material.

14. The device of claim 1 further a void is formed at a center region of the second fuel region.

15. The device of claim 1 wherein the device is characterized as a solid.

17

EP 4 553 853 A1

5

10

15

20

25

30

35

40

45

50

55



18

EP 4 553 853 A1



19

EP 4 553 853 A1



20

EP 4 553 853 A1



21

EP 4 553 853 A1



22

EP 4 553 853 A1



23

EP 4 553 853 A1



24

EP 4 553 853 A1



25

EP 4 553 853 A1



26

EP 4 553 853 A1



27

EP 4 553 853 A1



28

EP 4 553 853 A1



29

EP 4 553 853 A1



30

EP 4 553 853 A1

5

10

15

20

25

30

35

40

45

50

55



31

EP 4 553 853 A1

5

10

15

20

25

30

35

40

45

50

55


	bibliography
	abstract
	description
	claims
	drawings
	search report

